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(54) MEASURING APPARATUS OF CONCENTRATION OF PHOSPHATE ION 

(57)Abstract: 

PURPOSE: To obtain a measuring apparatus of 
concentration of a phosphate ion which can 
measure the concentration of the phosphate ion 
in water accurately and on a real time basis 
without being affected by other substances. 
CONSTITUTION: An apparatus comprises two 
flow passages, a chemiluminescent reaction 
element 1, a luminescence detector 2, a signal 
amplifier 9 and a recorder 10. The first flow 
passage A is constructed of a vessel 3 holding a 
pyruvic acid and a buffer solution, a liquid supply 
pump 4, a sample injection port 5 and a column 6 
filled up with resin wherein pyruvic acid oxidase is 
fixed. The second flow passage B is constructed 
of a vessel 7 holding a luminescent reagent 
(luminol) and a liquid supply pump 4. When each 
flow passage is put in a state wherein a liquid 
flows therethrough and water to be inspected 

which contains an phosphoric acid ion is injected from the sample injection port 5, 
hydrogen peroxide is produced by a reaction of the phosphoric acid ion with a pyruvic 
acid in the column 6. The phosphoric acid ion is determined by detecting the amount of 
luminescence generated from a reaction of this hydrogen peroxide with the 
chemiluminescent reagent in the chemiluminescent reaction element 1, by the 
luminescence detector 2. 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The phosphoric-acid ion-concentration measuring device which connects the 
chemiluminescence reaction section for making the hydrogen peroxide and the 
chemiluminescence reagent which are produced by said reaction react to the 
pyruvate-oxidase fixed part for making a pyruvic acid and phosphoric-acid ion react and 
producing a hydrogen peroxide, and making it produce luminescence, and is characterized 
by to make the luminescence detector for detecting the amount of luminescence 
produced by said reaction in this chemiluminescence reaction section come to 
correspond. 

[Claim 2] The phosphoric-acid ion concentration measuring device according to claim 1 
said whose chemiluminescence reagent is luminol. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach and equipment which 
measure underwater phosphoric-acid ion concentration, such as a river and a lake. 
[0002] 

[Description of the Prior Art] It is an important activity on current and water quality 
management to measure the underwater dissolved concentration (namely, 
phosphoric-acid ion concentration) of Lynn which can serve as a cause of eutrophication, 
such as a river and a lake. As a measuring method of the conventional phosphoric-acid 
ion concentration, approaches, such as an absorptiometry, an atomic absorption method, 
a weight method, and a volumetric method, are learned. 

[0003] There are a molybdophosphoric-acid method, the MORIBUN DIN blue method, a 
BANADO molybdophosphoric-acid method, etc. in an absorptiometry. These approaches 
are the approaches of measuring the absorbance in each absorption wavelength range 
about the quality of a product which has the unique absorption wavelength range 
produced at each reaction, and carrying out the quantum of the phosphoric-acid ion from 
the result, after making each reagent react with the solution containing phosphoric-acid 
ion. 

[0004] Since it is difficult to carry out the direct quantum of Lynn in an atomic 
absorption method, it filtered, after adding the molybdate reagent to the solution 
containing phosphoric-acid ion and making it precipitate as ammonium 
phosphomolybdate, and phosphoric-acid ion concentration has been indirectly measured 
by carrying out the quantum of the molybdenum at atomic absorption from the solution in 
which the obtained precipitation was dissolved again. 

[0005] It calcinates, after making a weight method produce precipitation by Lynn and 
magnesium in magnesia mixture, and it is Mg two P207. There is the approach of carrying 
out weighing capacity etc. Moreover, there are a neutralization titration, chelatometry, 
etc. as a volumetric method. 
[0006] 

[Problem(s) to be Solved by the Invention] However, each above-mentioned - 
absorptiometry has the trouble that it is influenced [ the ], or sensibility is inadequate, 
and measured value with exact phosphoric-acid ion concentration is hard to be obtained, 
in order that other matter may absorb the light of the wavelength approximated to the 



unique absorption wavelength range of the quality of a product produced at each 
reaction. 

[0007] On the other hand, although an atomic absorption method, a weight method, a 
volumetric method, etc. can perform an exact quantum, the complicated nature of test 
sample production or measurement actuation to real-time measurement is difficult for 
these approaches, the water quality of a predetermined water area is grasped 
immediately, and it is not suitable for a water quality management activity with the need 
of performing a prompt action according to the result 

[0008] The purpose of this invention is to offer the phosphoric-acid ion concentration 
measuring device which can measure inspected underwater phosphoric-acid ion 
concentration on real time correctly [ without being influenced of other matter ]. 
[0009] 

[Means for Solving the Problem] The phosphoric-acid ion-concentration measuring 
device of this invention connects the chemiluminescence reaction section for making the 
hydrogen peroxide and the chemiluminescence reagent produced by said reaction react 
to the pyruvate-oxidase fixed part for making a pyruvic acid and phosphoric-acid ion 
react, and producing a hydrogen peroxide, and making it produce luminescence, and is 
characterized by to make the luminescence detector for detecting the amount of 
luminescence produced by said reaction come to correspond to this chemiluminescence 
reaction section. 

[001 0] It is desirable if said chemiluminescence reagent is luminol. The pyruvate oxidase 
(EC1. 2.3.3) (POP) is an enzyme which carries out the catalyst of the reaction of following 
the (1) type, and exists in the fungus body of the various bacilli belonging to the 
department (Lactobacilluceae) of Lactobacillus. 
[0011] 
[Formula 1] 

POP 

trifc->l»+Ht O + O* + «J>« — -T*f-*iJ>*+COi +H* O* 

(1) 

[0012] 

[Function] If a pyruvic acid and the inspected water containing phosphoric-acid ion go 
into a pyruvate-oxidase fixed part, the reaction which made the catalyst the pyruvate 
oxidase of the above-mentioned (1) formula will occur, and a hydrogen peroxide (H2 02) 
will arise. If the hydrogen peroxide and chemiluminescence reagent which were produced 
go into the chemiluminescence reaction section, luminescence will occur. Although the 
amount of luminescence according to the amount of generation of a hydrogen peroxide is 
obtained at this time, since it is dependent on the phosphoric-acid ion concentration of 
inspected water (a hydrogen peroxide generates one mol to one mol of phosphoric-acid 
ion), the amount of generation of a hydrogen peroxide can do the quantum of the 
phosphoric-acid ion contained in inspected water by detecting this amount of 
luminescence with a luminescence detector. 

[0013] The chemiluminescence reaction by luminol emits light, when luminol oxidizes with 
oxidizers, such as a hydrogen peroxide, in an alkali solution, it becomes the amino 
phthalic acid of an excitation state and this returns to a ground state, as shown in 
following the (2) type. 



[Formula 2] 

)V I J -)l+Ri O + O* 



T : ;7^A8 + N 2 +H 2 0+h v 

(2) 



[0014] 

[Example] Hereafter, although this invention is explained in full detail according to an 
example, this invention is not limited to this. 

[0015] Drawing 1 shows one example of the phosphoric-acid ion concentration measuring 
device of this invention. This equipment consists of two passage, a flow cell as the 
chemiluminescence reaction section 1, and a photomultiplier (photomultiplier tube) as a 
luminescence detector 2 for detecting the amount of luminescence produced in the 
chemiluminescence reaction section 1, 

[0016] The 1st passage A connects a container 3 4, for example, a liquid-sending pump 
like a peristaltic pump, the sample inlet 5, and the pyruvate-oxidase fixed part 6 to this 
order with liquid-sending tubing, and reaches the chemiluminescence reaction section 1. 
A pyruvic acid, the coenzyme of the pyruvate oxidase, and the buffer solution for 
pyruvate oxidase are contained in the container 3. Moreover, the column with which what 
fixed the pyruvate oxidase to column resin which is used for immobilization of the usual 
enzyme as a pyruvate-oxidase fixed part 6 was filled up with this example is used. In this 
design, the pyruvate-oxidase fixed part 6 is not limited to such a column, for example, 
fabricates some liquid-sending tubing spirally, and may fix the pyruvate oxidase to the 
wall of the helicol traveling wave tube. 

[001 7] The 2nd passage B connects the container 7 and the liquid-sending pump 4 
containing a chemiluminescence reagent to this order with liquid-sending tubing, and 
reaches the chemiluminescence reaction section 1. Luminol, a luminol derivative, an 
oxalate, etc. are used as a chemiluminescence reagent. Luminol and a luminol derivative 
oxidize with oxidizers, such as a hydrogen peroxide, in an alkali solution, turn into an 
amino phthalic acid of an excitation state, or its derivative, and when this returns to a 
ground state, they emit light As a catalyst of this luminous reaction, a peroxidase 
(enzyme which carries out the catalyst of the reaction of H2 02+AH2 ->2H2 O+A), 
hemin, Ag2+, Cd2+, Fe2+, Fe3+, Mn2+, nickel2+, etc. can be used. In the case of an 
oxalate, the 2nd matter (fluorescent material) is required, an oxalate reacts with a 
hydrogen peroxide, activity intermediate field are generated, and a fluorescent material is 
excited through an electron donor acceptor complex with this activity intermediate field, 
and emits light (this luminous reaction is called the "fault oxalate chemiluminescence 
reaction"). Therefore, the matter required for the luminous reaction other than a 
chemiluminescence reagent is contained in the container 7. Moreover, the waste fluid 
tubing 8 is connected to the chemiluminescence reaction section 1, and waste fluid is 
taken out from this waste fluid tubing 8 to the exterior. 

[0018] The signal amplifier 9 is connected to the luminescence detector 2, and the 
recorder 10 is connected to the point It is amplified after the output of the light obtained 
by chemiluminescence is changed into an electrical signal with the luminescence detector 
2 by this, and it is recorded. 

[0019] About the liquid in a container 3, if it always lets the liquid in a container 7 pass 
with the liquid-sending pump 4 to the 1st passage A at the 2nd passage B, respectively, 
the output voltage of the luminescence detector 2 will be in a steady state in it If the 



inspected water which contains phosphoric-acid ion from the sample inlet 5 in this 
condition is poured in by a micro syringe etc., with the liquid in liquid-sending tubing, it 
will enter in the pyruvate-oxidase fixed part 6, and will be spread, a pyruvic acid and 
phosphoric-acid ion will react in this interior, and a hydrogen peroxide will produce this 
inspected water. Therefore, a hydrogen peroxide goes into the chemiluminescence 
reaction section 1 from liquid-sending tubing after coming out of the pyruvate-oxidase 
fixed part 6, this hydrogen peroxide and the chemiluminescence reagent currently dipped 
from the 2nd passage B to the chemiluminescence reaction section 1 react within the 
chemiluminescence reaction section 1, and luminescence arises. After catching this 
luminescence with the luminescence detector 2, changing into an electrical signal and 
amplifying this signal with the signal amplifier 9, it sends to a recorder 10. Output voltage 
is recorded on a recorder 10, and if it increases from the value of a steady state gently 
by luminescence initiation, the maximal value is reached soon and the whole quantity of a 
hydrogen peroxide reacts, output voltage will decrease gradually and will return to the 
first level. The response value of the output voltage from this luminescence detector 2 is 
equivalent to the amount of luminescence by the chemiluminescence reaction (namely, 
the amount of hydrogen-peroxide generation by the reaction of (1) type), and 
proportional to inspected underwater phosphoric-acid ion concentration. 
[0020] With this equipment, luminol is used as a chemiluminescence reagent, and 
concentration is known KH2 P04. The experiment which measures the phosphoric-acid 
ion concentration of a sample solution was conducted. 2mM (M expresses mol/l) pyruvic 
acid, 10-3M thiamin diphosphate, 10-7M flavin adenine dinucleotide (both coenzyme of 
the pyruvate oxidase), and the solution that consists of the 0.2 MTris-malate buffer 
solution (pH7.0) were put into the container 3. 12.5microM luminol (what was beforehand 
dissolved with dimethyl sulfoxide is used), the 10microMp-iodine phenol (sensitizer), the 
1.0 mg/dl peroxidase, and the solution that consists of the 0.2 MTris-HCI buffer solution 
(pH8.5) were put into the container 7. 

[0021] It is KH2 P04 of each concentration from the sample inlet 5 after always letting 
the liquid in a container 7 pass for the liquid in a container 3 with the liquid-sending pump 
4 in ordinary temperature to the 2nd passage B, respectively and making output voltage 
of the luminescence detector 2 into a steady state in the 1 st passage A. 1 0Omicro of 
sample solutions I was poured in by the micro syringe. Time amount after pouring in until 
it is recorded on a recorder 1 0 was 2 or 3 minutes. The calibration curve acquired by this 
experiment is shown in drawing 2 . Straight-line relation was accepted between the 
output voltage from the luminescence detector 2, and actual phosphoric-acid ion 
concentration within the limits of phosphoric-acid ion concentration 1 0-5-1 0-3M so that 
this graph might show. The quantum of the inspected underwater phosphoric-acid ion 
can be carried out in the output voltage value from the luminescence detector 2 which 
pours in inspected water into this equipment and is obtained by this calibration curve. 
[0022] 

[Effect of the Invention] As explained above, in the phosphoric-acid ion concentration 
measuring device of this invention, phosphoric-acid ion concentration is measured by 
making a pyruvic acid and phosphoric^acid ion react within a pyruvate-oxidase fixed part, 
and detecting the amount of luminescence which was made to carry out the luminous 
reaction of the whole quantity of the hydrogen peroxide to produce, and was obtained. 
Since the pyruvate oxidase carries out the catalyst of said hydrogen-peroxide generation 



reaction specifically, it can measure phosphoric~acid ion concentration correctly, without 
being influenced of other matter. Moreover, since this equipment has the short response 
time (time amount after pouring in inspected water until a result is recorded), 
measurement can be carried out to real time. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 It is the schematic diagram showing one example of the phosphoric-acid ion 
concentration measuring device of this invention. 

[Drawing 21 It is the graph which shows the calibration curve acquired by the experiment 
which used one example of the phosphoric-acid ion concentration measuring device of 
this invention. 
[Description of Notations] 

1 Chemiluminescence Reaction Section 

2 Luminescence Detector 

6 Pyruvate-Oxidase Fixed Part 
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